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nmmi] ^m^mitmnm^M (mocvd) sj^j: 
oT. {&is.^<'yy7m^^t-vxmm^-mi^ (ai.g 

i -r 5163^:^ 1 TiM 5 fE«(^5 5 *>«0 1 O/!)^ t> * 5 ^<b;«f 
(Al.Ga,..) ,.,In,N (Ogx^K O^ygl) ^S^itCl 
a ffi ^ ^tl^ b-f- S o +4^ /.Cjgtf (D I vi^5E^ ^ ^ tf ¥ta 

xio" d/cm') cotSlffiT'-g-tpr t^'ltmiri-Slg*^ 
I 0 0 0 1 ] 
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[0 0 0 2] 

(GaN) mit-^m^m^^tzG 

^'-m■it^^m^^■i. mm^m<tmnmi^-S:m (jj^t, mo 
cvD)!fetTs!r>i-5o ) i,zx-oXi¥m^ii?>o mcw'^^tit. 

10 5fieBM;^ffir-fo2)„ J©Ssf:;(/>!.a!^L< lill!|sf:^;=^<^^5^• 
GaN^^^i^^$563fe^T-T-|i. ^i^;tp(7)?ait ^900- 1100=0 

Gir^r--r5„ ) . hV ?^^/l-T/US.:^^M. (^T. TMAi: 
W-r^o ) W#0#*ffi|^m-^, TV^=T (NH,) fii^ 
^igl:> ■tt^LT, S^gifeB^B<73±l- (Al>Ga,..) ,.,ln, 
N (OgxgK Ogygl) cO*U^GaN^lt:-^#l^^f4't^J^i*S 

20 lOOOaJ irr-^T-, ifg 

tt5o mmmim-i.. $¥^^i±(DWi^-t'p'bti.xm<tc 

« . i: ^ CO ± iSlg-r S ^jtfa fli i: ong *3 (t 

urBm(ountmcx'h^:^t7im-^ lv\ GaN^^^j* 

f^^^m^XP^ixli. GaN^*£B^B^Stgiiffiffl-r5 i: 
30 Am-^L\^\ L*»L/.t;iSt>, 5 J: 5 ''^^'c 

T% m^l^. mCGaA-h^J:i)i:it:»V'>J>' (GaAs) ^© 

COStE±J;ifiK8M$n*GaNm*£Bl^gflM^fi!tfl^-r5 t # 
WMOCVDFK)ffl.|?l*, 900~l]00'CT-$)-oT, iCOiaStE 

40 t 0 0 0 4 ] r(^fS^^i5:cD5;x5.:7^ 5, s^ift^p-rs J: 
7-^rsigioi±iiia. g{t;T/i'5=^!?A (ain) 

7 7 @ 102!±, MOCVDSJj:*PW?aa?r400~600'C{CSS|S| U 

T^^^H'So :i<^fS?a^-<y 77iiio2^?F?siXLfcfft, m 

0CVDS;j$;^^c5£^li:, 900-11 OO'Cliilfb^xT, (Al. 
50 Ga,..) ,.,.]n,N (O^xgl, Ogyg]) T-«$nS¥5©#: 
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GaNTll!l®103. n M^^Sfl^® 104. n^^^ 
9^ ^®108^J5g^$J^5^ p#jaigBl09St)<niM®ffillO 

[0 0 0 5] i:r5T% '(&rU-^'^:^:7 7iii02O±{c:itffi 

^ix5GaNTflfi^lO36O^^3«OcOGaN^§0^B^^li. (l -1 

S^LT-g^f^L. i^^^cO^S^I^ (1 -10 1) ffi^tP 
— oO^^®T-fc5 (00 0 1) ffi^^dS^^n^c (0 
0 0 1) Et^lpJitLfcGai^-^li, ■^cO^ffi^-^'Y^l-— 
v-g^-LT (1 -1 0 1) m\zM'Oyh%f\.^fz,}h. (0 0 
0 1) "^(O^WMm^s (1 -1 0 1) ®oj5ScS5S.Si:tt 
k%'K^xf^%\:im< . (0 0 0 1) DiO;^x)^^i)cfiSt LT 

10 0 0 6) ;6^;jJ)^5H^5ti6^^S;?)^ib-^5k7£6^^S-^0 

10 0 0 7] mz.^ '^pp^^iit^i^%&m.mz.'Si\'^m^\z. 

^-r^o J:oT. ?#e>n5^cGaNTiffi^l03(^>Wiite{4^^^ 
ti^ fg:</.^So la 2i^u*IEI3 CiTj^i-J: Pi::. '^^n\%t^i^ 

l^±c^'^ff;^5i§v^yh^?)(c:-&flcLfc^FI55^^r^^, (i -i o 

1) mxmi^^t^^iK^-^iyfy V\^Z^±^±X.B^\^, 
M03ali, ^<D^n---(DmM(OWi^f^^m^'^l.^f^^. 

flS) o rn?*. MmmiLi:mm\::mi^tLX(Dm^W\^ 
10 0 0 8) 

?B±%:nmLK-Dm<DW'tm±i:mwLx. m^mntim 

3t 4$t4 ^ ^1- 5 GaN.^ Hmi¥?^ytmi^R 'a^<Dmm:^iix 

10 0 0 9) 
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6 (MOCVD) fetcJ:oT. ^&^£>'<:y :7 7'iiSr:/r*LT^{l: 
(ALGa,J ,^In,N (O^x^K O^y^l) 

10 [0 0 10] :^^m\^x^mt:^^v^M.^.^mit 
^^mi-it. i&^^y<^yyrm^i}^Lxmtm^mi^ (ai 

«Ga,J ,.Jn,N (O^x^l. O^y^l) SrStS±l:i|SS 
[0011] 

[l^iS] :7TiiJii::?J^^r^GaNTit!i/itO^B^ 

*5v^T. J[HJ|^;^;^#ia^{;iiV7Ci^^^^-^^r: <>T% Ga 
NTJfeSt^ (0 0 0 1) m^mm\.fz.Qm^(D'^^ ^^^- 
iy^:yr^^^^tlXZ,^^7^^'0J^i^m^m^^. GaNT^ 

[0 0 12] 

30 ±(C (Al,Ga,J ,-Jn,N (O^x^U O^y^l) T'^^ 

5o i^Z^r-l'rStSl AlN^GaN^^^^b^^t^iS^^ 

^<:y:7rii2^s. 1^:7r^TS^Sio^±a/^ffi^5pf^(r 

GaN;^!^^/^ ^GaNTifeg 3 ^Si£$nTV^5o GaNTflUS 3 

l-^. ^''^y hSa^^^n^o ^h\^^(D±\a:^^ Si^ 
.:7'LfcSi-GaNg4 ;5^gS$nTV^T. GaNTffi^ 3 (D^® 
h3a;e)^qzt0'(b^nTV>^, /^;i6, 115 

5 ±\z^ix^iipmmmioRi/n mmmn^si Lxnm 
[0 0 13] txT. ^?^m\^x^mm^/}^mtt^m?tm^ 

(omm:fj&i^-:>^^'X7^^^^o -^yr^rmmi Stmocvd 

50 /5)c®J;p(^)'1^(^^ttL. 1050t:<^rM./iri^4-oV>T300Torr0r) 
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[0 0 14] jgEi/^T. ^mMnxh^mtTMi:^^'^ 

H3<^ ^ «r *P 1^ { w gft L * * T'*P c?DEE ;^ ^ 760 ± 200Torr 

(^laH. $?-*U< f^600Torr{::^l±1-^o S^K 

1 (D US f/^ 1 05 o^c i: 6 * x^mp <D ^ ± \f 5 o 
[0 0 15] TMGS:^rt(;i^ALT> GaNTifi® 3 Sr^JS 

L t:i^^(Dm%mm J: o TlIif:;i5$M H5o GaNTife 
S3<7)1¥^;6^ ^i?&0. 3A/mt?:^ofc??> >^^":/ 

^i: LT;^^/V'>^>- (SIT. Me-Sin^tm^-t^o ) ?r 
*p(^triD;tT. Si-Gam 4 ^mm^t^o roirt. *p 

I^COMe-SiHaOMSI^^ *i?@$;tx/:iSi-GaN/i4 'f'lrjoV^ 

TSi2ta;6Sixio" (i/cmO i /.^ 5 J: 5 i^ipSi-^o Si 

®5. nM:i5^^:y Kg6. Stt^ 7 . pMiJ^^:yKM 
8. p^^^^-^^ 9 ^ili^;5)tflgLTGaN^^^{*:^ 

[0 0 16] /^^o. Si-GaN®4fi, IVI^tc^, mk,l:£Ge 
^-g-tpGaNilTSjoT t<J:V^ Ge(0 K— b'^^/^^l^lltiMe-Si 
W^(DiXt>^\Z.^JV'^l^ (Gea) ;65^ffi$:tv#-5o itlSi^lJ 
t LT. GaNT±6S3 0]f:$(?:>;^^SS*'2>GaN^^2gf^^ 
Tt^-^SD^Si-GaNS 4 ^c^SiffiiS^^^^^SSj^^SGaNm^ 
^f^^Tfc^T-^S'Ji^^mL. ;$:^P^l^J:'5GaN^¥^«fl2 
^^^^ ir M(^t4JKi^i;^^7t4$i4^i:blft Lfco 

[ 0 0 1 7 ] ID 6 \z.7f^ir^ 0 RiiSK^icO^^Sli:. Ga 
^Tmm 3(DW^ t^wm. 3 // T-l*^S5:t;iiS^> L. W- 

^jKii. 2X10^ d/cm') GaNTifeS3*W* 

[ 0 0 1 8] HI 7lc:^i-j: hcolg^Kli, GaN 

1 oc^t*':^ < /<^5 0T-if* L< 

^^V\ laSlr^i-J: 51-^ Si-GaN® 4 SrGaNTiftH 3 ± 

l^fi^mLfcm^. Si-Gam 4 ±\Lm^^^^y hAaCO^^m 
1^. Si-Gam4^COSim&fj^bxW:^^hSX10'' (l/cm ^' 



fcf:y h3a/j5Si-GaN/i4 tc:J:oT^ii{t;$n^OT*5 
5e r::T% GaNT«ii/i3OJ?$?r¥i&0.3^nii LT. S 
i-GaNg4 4'COSiJ8jK^2X10"^^b9X10'^ (l/cm') <D 

[0 0 19] i^^m\z.:;:hmitmmww:tm^\t. 

10 [0 0 2 0] 

m<D^'i^i:imx^^fL}b. nhM:iGam^mi^?t% 
^•T-i^. ^%nAm(D^^mm^i6\i^xmix^<ox»^ 

So 

[Elfficoffl^/^fftiag] 

[Hi 1 %^(Dm\m^mw^%m^<omi^^m^^'^ 

[EJ2] GaNT3&ii*T^^J!iL:rc£t^cO«^t^«5t 
20 6t)lC7j^i-»r®lllT'fcSo 

[IS 3 ] Si-GaN;i*r**^!gU/cS;K<DtS5gSr<i^6tj 

imb] ^^m\:ix,^ si-GaNjf * x^jistm i.tzmm<o 
IE] 6 ] Gat^T mm (om ^ tnm^iiL^'iM t (dm^^^^ 

30 i.tn^^'^yxh^o 

ms] si-GaNS (o * (osmA t si-GaNS commii^B 

1 , 101 i)-yr^rmm 

2, 102 m^^^^iyyTM 

3, 103 GaNTi&^ 

3a. 4a, 103a, 104a h 

4 Si-GaNii 

5. 104 n^^^fl^S 

40 6. 105 nMi^y y YM 

7 , 106 ^ttS 

8, 107 p^.^'yy Kii 

9, 108 pS=3>t57^ . 

10, 109 pmWs^ 

11, 110 n^ffl^l^ 
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